Stock return volatility significantly predicts active leverage adjustment, consistent with the trade-off theory. Firms respond asymmetrically to rising volatility instead of falling volatility, more with debt reduction than equity issuance. The forecasting power of stock return volatility mostly resides on surprise (idiosyncratic) volatility, as a proxy for uncertainty; while the forecasting power of expected (systematic) volatility is largely subsumed by those of firm fundamentals and market information. Falling earning growth appears to be the channel through which increasing volatility predicts leverage reduction and investment contraction.
Introduction
One of the striking yet puzzling features of corporate capital structure decisions is that firms appear to do little to counteract the changes in market leverage induced by equity price fluctuations (Welch, 2004) . On one common explanation of such a lack of response is costly adjustment, and several papers have empirically estimated the speed of adjustment towards the target leverage ratio. 1 However, Cochrane (2010) argues that perhaps there is no need for adjustment as to equity value fluctuations anyway, if such fluctuations are due to discount rate news rather than cash flow news. Yet, volatility or uncertainty shock not only affects pricing kernel but also affects earning growth.
In this paper, we try to directly identify the information embedded in stock return volatility that causes firms' active adjustments of their capital structure, while purging out passive leverage changes due to accumulated retained earnings (for book leverage) or mechanical capital gain (for market leverage). If firms are completely passive as to equity return or volatility information, there should be no active adjustment in leverage. By focusing on the volatility of returns, we introduce econometric tools for stochastic volatility and volatility forecasting into the tests of capital structure decisions. We address the following questions:
(1) Whether and to what extent are leverage adjustments predicted by the volatility of stock returns? (2) Which information component in volatility contributes to such a predictability?
(3) What are the economic driving forces behind such a predictability?
We show that firms with high return volatility in current year will reduce their leverage ratios in the subsequent year. The trade-off theory (Modigliani and Miller, 1958; Scott, 1976 ) predicts that firms with high volatility face higher probability of financial distress, hence, they should use less debt. In this case, what matters for predicting leverage changes should be primarily the changes in volatility, not necessarily the level of volatility. Firms will adjust their leverage downward (upward) when volatility has risen (fallen). Hence, 1 See, for example, Leary and Roberts (2005) and Flannery and Rangan (2006) . There is large variation in the estimates for the speed of adjustment in the literature (Iliev and Welch, 2010 ). 1 we construct two measures of volatility shocks: (1) changes in expected volatility and (2) volatility surprise, which is the difference between realized and expected volatilities. We find that both types of volatility shocks are negatively related to future leverage changes, but more so for volatility surprises. The surprise component in volatility shock appears to play a leading role in determining the effect of uncertainty on capital structure, while the expected volatility change is mostly subsumed by firm fundamental and macroeconomic information.
This finding echoes Abel and Eberly (1994) in that uncertainty is less influential when it is largely predictable.
The predictability of stock return volatility for active leverage adjustments is unbalanced, asymmetric, and short-run. Although firms adjust simultaneously debt downward and equity upward when the total volatility risk is high, they tend to respond more significantly to surprise volatility shocks with debt reduction rather than equity issuance. The volatility effect is asymmetric, i.e., active adjustment in leverage is much stronger in response to positive (rising) volatility shocks than to negative (falling) ones. The impact of surprise shocks on capital structure is mainly short-term within one year, consistent with the notion of uncertainty shock (Bloom, 2009) . The predictive power is stronger for firms with lower rating, smaller size, and lower profitability, but nonmonotonic with respect to external financing need. Our result quantifies the the trade-off theory prediction in answering the question to what extent firms reduce leverage to counter-balance the rising likelihood of default due to higher volatility risk.
In explaining volatility's significant predictive power for leverage adjustment, we find that stock return volatility contains unique information about future earnings growth, beyond that contained in firm fundamental and macroeconomic variables. In particular, firms with high stock return volatility tend to have a decline in earnings growth in the future. Firms adjust investment and leverage downward simultaneously with earnings reduction, which are all predicted by rising volatility of stock returns. The surprise component of stock return volatility is largely the driving force behind the volatility effect on corporate policies. Our 2 findings not only are consistent with the trade-off theory (Modigliani and Miller, 1958) and the uncertainty shock effect (Bloom, 2009 ), but also identify an active channel of financing through stock return volatility to affect investment decision and firm fundamentals.
To the best of our knowledge, this paper is the first comprehensive examination on capital structure decisions from the perspective of stock return volatility risk. Empirical evidence indicates that firms change their capital structures over time (Fama and French, 2002; Baker and Wurgler, 2002; Leary and Roberts, 2005) . The survey results reported by Graham and Harvey (2001) confirm that corporate managers consider distress risk in their financing decisions. Traditional capital structure determinants do not perform well or consistently in explaining the with-in firm leverage change over time (Graham and Leary, 2011) . Early research focuses on capital structure and earnings volatility, but reaches conflicting conclusions (Harris and Raviv, 1991) . 2 One caveat of using accounting-based volatility measures is that they must rely on low frequency data over long history, which may not represents the current firm and market situations accurately. In comparison, stock return volatility not only contains rich and timely current information, but also reflects firm's future fundamental in a forward-looking manner.
Our work is closely related a few recent papers on leverage, volatility, and investment. Welch (2004) investigates the interaction between capital structure and stock return, while controlling for the negative relationship between implied leverage ratio and stock return volatility. Nikolay, Heider and John (2010) find that Black-Scholes formula implied volatility marginally explains change in debt level conditional on firm experiencing internal financial deficit. In contrast, we focus on examining volatility of observed stock returns and active changes in leverage in a more general setting. Bloom, Bond and Reenen (2007) show that uncertainty, measured by stock return volatility, reduces the sensitivity of investment to demand shocks; while Bloom (2009) shows that rising aggregate uncertainty, measured by stock index volatility, discourages investment and hiring. We further show that at individual firm level, rising stock return volatility or uncertainty shock predicts reduction in earning growth. Importantly, we demonstrate that the effects of uncertainty on corporate decisions are mostly driven by the surprise component in volatility shocks, not by the expected component. Panousi and Papanikolaou (2012) find that idiosyncratic stock return volatility negatively affects investment at individual firm level, attributing the cause to managerial risk aversion. We uncover that surprise (idiosyncratic) volatility shocks significantly affect capital structure, likely through the channel of expected earnings growth.
The rest of the paper is organized as follows: Section 2 describes the empirical methodology, data, and summary statistics. Section 3 analyzes the relationships between leverage adjustment and volatility shocks, controlling for their interactions with various firm fundamentals. Section 4 examines the driving force behind the volatility's predictability power for leverage adjustment. Section 5 concludes.
Empirical Design
The innovation of our approach is to introduce new explanatory variables for capital structure changes, based on the stochastic volatility model of Engle (1982) and Bollerslev (1986) . Our empirical methodology follows Welch (2004 Welch ( , 2011 to focus on the "active" adjustments of firms' leverage decisions. The statistical properties of key variables are also discussed.
Stochastic Volatility
The trade-off theory (Modigliani and Miller, 1958; Scott, 1976 ) predicts that firms with high volatility face higher probability of financial distress. Hence, they should use less debt.
What matters for changes in leverage should be changes in expected volatility, not the level of volatility. Firms will adjust their leverage downward (upward) when they expect that volatility has risen (fallen). To investigate the information sources of stock return volatility affecting capital structure decisions, we apply econometric tools for stochastic volatility to construct change in expected volatility, ∆V ol Expd t , and surprise volatility shock, V ol Surprise t .
In doing so, we first estimate expected volatility using the ARMA(1,1) model:
(1)
The change in expect volatility for firm i at time t is computed as ∆V ol Expd
and surprise volatility shock for firm i at time t is computed as V ol Surprise
We use ARMA(1,1) model of realized volatility similar to GARCH(1,1) model of Bollerslev (1986) , but with an explicit observable proxy for latent surprise volatility as in Andersen et al. (2001) .
To connect with existing literature, we also decompose total volatility into systematic and idiosyncratic volatilities, by estimating daily idiosyncratic returns using the residuals from the Fama and French (1993) three-factor model,
where r M t , r f t , r SM B t , and r HM L t represent market return, risk-free rate, and the returns for size and book-to-market ratio portfolios, respectively. 3 We compute annual systematic volatility V ol Sys i,t as the standard deviation of the estimated systematic returns, r Sys
as the standard deviation of the idiosyncratic returns, r Idio i,t = r i,t − r Sys i,t . When estimating expected and surprise components of systematic and idiosyncratic volatilities, we apply the same ARMA(1,1) model with lags of each type of volatilities:
The change in expected systematic/idiosyncratic volatilities and their surprise shocks are then computed in the same way as for total volatilities.
Empirical Methodology
We examine the predictability of stock return volatility for active leverage adjustment, in the presence of traditional capital structure determinants suggested by theories and empirical evidence. Book debt ratio at time t is defined as
where D represents total liabilities on balance sheet and E Book represents book equity. We compute the active adjustment in book debt ratio at time t as
where ∆RE t represents change in accumulative retained earnings on balance sheet between time t and t − 1, ∆RE t = RE t − RE t−1 . We follow Welch (2004 Welch ( , 2011 to use ADR t to represent actual (market) debt ratio at time t,
where E M kt represents the market value of equity. Since market leverage changes when equity price fluctuates, it is important to purge out such mechanical effect to examine the impact of stock return volatility on future capital structure adjustment. A latent implied 6 debt (leverage) ratio is defined as
where x t−1,t is the capital gain of equity over time t − 1 to t. The actual and implied debt ratios formulated above allow us to define total capital structure change at time t, dct t , as
which can be decomposed into two parts: dct t = dca t + dcp t , where dca t denotes active leverage change due to net debt/equity issuance,
and dcp t denotes passive leverage change due to equity return,
Previous research documents that firm capital structure is influenced by a set of fundamental and macroeconomic factors. 4 Besides lagged book/market debt ratios for firm i, BDR i,t−1 and ADR i,t−1 , we consider the following variables in our analysis. (1) r i,t represents firm i's stock return between time t−1 and t. Welch (2004) shows that market debt ratio may change passively with stock price fluctuation, which does not reflect directly active financing decisions.
(2) The natural logarithm of sales normalized by the consumer price index (CPI), denoted by SALE i,t , as a proxy for firm size. Titman and Wessels (1988) We include three variables to measure market condition and macroeconomic environment:
S&P value-weighted return and volatility, denoted by SP R t and SP V t , respectively, and industrial production index growth, IP G t , between time t − 1 and t. Further, we include an industry dummy, IN D i,t to control for the industry effect. For the panel regressions, we apply the robust standard error method proposed in Petersen (2009) to control simultaneously for the firm and time clustering effects.
5 Following the literature, we compute
where IN V i,t represents investment in capital assets (P P E i,t − P P E i,t−1 + investment in intangible assets). ∆W C i,t represents change in working capital between time t − 1 and t, where working capital is defined as current assets excluding cash minus current liabilities. N I i,t denotes net income. DV D i,t denotes dividend. DEP i,t and DT i,t are the non-cash expenses-depreciation and amortization and deferred tax, respectively.
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The discussion above leads to the following regression equation
where LEV i,t+1 represents various capital structure measures at time t + 1. Those of primary interest are active book and market debt ratio changes, dbca i,t+1 and dca i,t+1 , among which dbca i,t+1 is the principle measure. We use book or market debt ratio, BDR i,t+1 or ADR i,t+1 , total debt ratio change, dct i,t+1 , and capital gain-induced debt ratio change, dcp i,t+1 , in some regressions for comparison and illustration. V OL i,t represents stock return volatility or expected volatility & surprise volatility shocks-the primary explanatory variables under investigation. They include stock return volatility, V ol i,t , estimated using daily equity returns in a 365-calendar-day window before time t, systematic volatility, V ol Sys i,t , and idiosyncratic volatility, V ol Idio i,t .
Summary Statistics
We collect data on firm financial information, stock returns and macroeconomic variables from several sources. The annual financial information used to compute debt ratios and the control variables is obtained from COMPUSTAT. Descriptive statistics of the key variables-median across the sample firms-are reported in Table 1 . The average book and market debt ratios, BDR and ADR, are 50.99% and 37.54%, respectively. They are highly persistent with AR(1)'s of 0.99 and 0.98, respectively.
The active change in book debt ratio has a mean of 1.11% and a standard deviation of 6.21%, and the counterparts of market debt ratio are 1.33% and 4.86%, respectively. The AR(1)'s of the active book and market debt ratio changes are 0.08 and 0.10, respectively, suggesting that they are much more suitable variables to study capital structure decisions.
The AR(1) of the total debt ratio change, dct, is -0.06, consistent with the notion that debt ratios are mean-reverting (Fama and French, 2002; Baker and Wurgler, 2002; Leary and Roberts, 2005) .
The volatility of stock returns has a mean of 44.40% and a standard deviation of 14.63%.
It is highly persistent with an AR(1) of 0.97. The average change in expected volatility and volatility surprise are slightly negative of -0.09% and -0.10%, respectively. The change in expected volatility is negatively autocorrelated with an AR(1) of -0.24, while the volatility surprise is positively autocorrelated with an AR(1) of 0.30. The average systematic and idiosyncratic volatilities are 13.19% and 41.24%, respectively. The average annual stock return is 17.00% with a standard deviation of 46.37% and AR(1) of 0.12. For simplicity, we omit the discussion of other control variables, given that they are similar to those reported in existing literature. Table 2 reports the univariate correlations between the key variables-median across the sample firms with at least 10 consecutive observations. The subsequent active book debt ratio change, dbca t+1 , is negatively correlated with stock return volatility, change in expected volatility and volatility surprise. The correlations are -0.14, -0.03 and -0.12, respectively.
The active market debt ratio change, dca t+1 , displays very similar levels of correlation as well. The correlation between contemporaneous dbca t+1 and dca t+1 is 0.92, suggesting that examining the active book or market debt ratio changes is likely to produce similar results. In contrast, the correlation between book debt ratio, BDR t+1 , and market debt ratio, ADR t+1 , is only 0.69. The correlations between active change in book (market) leverage and contemporaneous changes in earnings growth and change in capital expenditure are 0.11 (0.12) and 0.25 (0.27), respectively, suggesting that capital structure decisions may respond to cash flow information, and that firms' need of debt may change with investment policy. The correlation between volatility surprise and idiosyncratic volatility is 0.79, suggesting that firms are likely to experience greater surprise idiosyncratic shocks where volatility risk level is high. The stock return is negatively correlated with volatility with a correlation of -0.13. The correlations between the stock return and subsequent active book and market debt ratio changes are 0.07 and 0.09, respectively. The industrial production index growth is negatively correlated with stock return volatility, expected and surprise volatility shocks with correlations of -0.31, -0.11, and -0.33, respectively. The industrial production index growth is positively correlated with future capital structure adjustment, change in earnings, and change in investment. The correlations are 0.15, 0.15, 0.13, and 0.18, respectively.
Empirical Result
We show that stock return volatility and volatility shocks negatively and significantly predict subsequent active debt ratio adjustment. The level of idiosyncratic volatility and surprise volatility shock have phenomenally strong predictive power. Firms rely more on debt reduction than equity issuance in response to volatility shocks, much stronger to rising volatility shocks than to negative ones. The predictive power of volatility shocks is short-term within one year, and more evident for firms with lower credit rating, lower profitability, and smaller size, but nonlinear with respect to external financing need. Our findings are consistent with the trade-off theory (Modigliani and Miller, 1958) and uncertainty shock effect (Bloom, 2009 ). We further quantify the the trade-off theory prediction in answering the questions to what extent firms reduce leverage ratios conditional on rising return volatilities and through which informational channel volatility risk impacts capital structure decisions. We show that surprise volatility shocks mostly drive the uncertainty effect on capital structure decisions. (Black and Scholes, 1973; Merton, 1974) . Column
Benchmark Regressions
(2) shows that stock return positively affects subsequent leverage adjustment as well, with a marginally significant t-statistics of 1.98. Firms tend to use more debt when their stocks perform well. The coefficient of 0.492 suggests that one standard deviation increase in stock return (46.37%) helps to elevate book debt ratio by 0.23%. The R 2 is 0.10%, much lower than 6.20% for volatility. The result does not contradict the prediction of the market timing theory that debt ratio should be negatively related to stock performance, since positive stock return does not necessarily mean equity being overvalued (Baker and Wurgler, 2002) .
We then regress change in book debt ratio on volatility, stock return, and lagged book debt ratio, and report the result in Column (3) of Table 3 . The correlation between volatility and subsequent debt ratio adjustment remains strong. The coefficient of volatility is -7.426 with a t-statistic of -26.69. The stock return volatility contains additional information beyond stock returns and leverage itself in predicting future leverage adjustment. The forecasting power of volatility is in the same order of the lag leverage-(i) the R 2 increases from 6.20%
in Column (1) to 13.80% in Column (3); (ii) one standard deviation increase in volatility and book debt ratio (14.63% and 10.07%) causes 1.09% and 1.16% upward adjustment in debt ratio, respectively. The result reported in Column (4) confirms that the effect of volatility risk on capital structure adjustment is robust in the presence of the market-and firm-level leverage determinants. The negative coefficient of stock return volatility remains statistically significant at the 1% level. In comparison, the coefficient of stock return switches sign from positive to be negative. Stock return has a positive correlation (0.27) with return on assets, and ROA seems to dominate stock return for explaining leverage adjustment. 6
The S&P500 index volatility is not statistically significant. Industrial production index significantly predicts positive debt ratio change, suggesting that leverage is procyclical (Chen, 2010) . Column (5) shows that the stock return volatility is negatively and significantly correlated with future book debt ratio. 7 6 Unreported, we regress active change in book leverage, dbca t+1 , on stock return and ROA at time t, and find that the coefficient sign of stock return is driven to be negative, suggesting that fundamental profitability information subsumes that embedded in stock returns. 7 We split our sample into early and late samples, and conduct sub-sample regressions. We find that
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For completeness, we also report regressions results on market debt ratio adjustment in Table 4 . Column (1) shows that, in a univariate regression, the stock return volatility negatively and significantly affects the subsequent active change in market debt ratio. The coefficient is -3.023 and the t-statistic is -17.17, implying that on average one standard deviation increase in volatility will decrease market debt ratio by 0.44%. The adjusted R 2 is 2.3%, which is much higher than R 2 for stock return,0.8%, as reported in Column (2).
The multivariate regression result reported in Column (3) confirms such strong impact of stock return volatility on capital structure decisions in the presence of the other leverage determinants, in particular, the lag market debt ratio.
We also analyze whether stock return volatility affects market debt ratio, total debt ratio change, and capital gain-induced debt ratio change, respectively. As reported in Column (4) and Column (5) of Table 4 , stock return volatility is negatively correlated to market debt ratio and total debt ratio, but only significant at the 5% level. The relationships between volatility risk and the level of leverage ratio and total change in capital structure are less significant than that associated with the active leverage adjustments. The result reported in Column (6) offers a potential explanation-stock return volatility is insignificant in predicting debt ratio change that is mechanically induced by capital gain. These results underscore the argument of Welch (2004 Welch ( , 2011 that it is desirable to focus on examining active debt ratio adjustments in order to draw meaningful implications on how firm capital structure decisions respond to various information shocks.
Volatility Shocks and Asymmetric Response
What are the sources behind the strong predictability of stock return volatility for capital structure change? We first decompose volatility information by constructing two different shocks-the expected shock, ∆V ol Expd 2.1. The evidence shows that the predictability of expected volatility change is largely subsumed by the firm fundamental and market information, while surprise volatility shock remains a significant predictor of leverage change. Further corroborating this finding, we also decompose both volatility shocks into positive and negative components. We find that expected volatility change has no predictive power in the presence of firm fundamental and market information, while positive surprise shock-rising volatility uncertainty-contains significant and nonredundant predictability for the active leverage adjustments.
Panel A in Table 5 shows how the expected and surprise volatility shocks affect subsequent debt ratio adjustment. Column (1) shows that active book leverage change dbca t+1
is negatively and significantly correlated to ∆V ol Expd t . The coefficient is -4.199 and statistically significant at the 1% level. Column (2) shows that surprise volatility shock negatively affects subsequent debt ratio adjustment. The coefficient is -4.336. The t-statistic and R 2 are -7.73 and 1.00%, respectively. Column (3) indicates that firms decrease debt ratio when stock return volatility is expected to increase. One standard deviation (8.38%) change in the expected volatility results in a 0.57% reduction in the book debt ratio. The results are not only consistent with the dynamic trade-off theory prediction (Strebulaev, 2007; Bhamra, Kuehn and Strebulaev, 2010) , but also offer quantitative implications on how change in expected/surprise change in volatility affects leverage adjustment.
Column (4), (5) and (6) show that the negative impacts of expected and surprise volatility shocks on leverage adjustment are robust after including the control variables in the regressions. ∆V ol Expd t becomes insignificant when putting together with V ol Surprise t in a multivariate regression, as reported in Column (7). Surprise shocks matters more than expected shocks in determining debt ratio. The finding echoes Abel and Eberly (1994) in that uncertainty is less influential when it is more predictable. Such significant predictability cannot be reduced in the presence of expected volatility level, as shown in Column (8). We find that both expected and surprise volatility shocks negatively affect debt ratio, but the results are much stronger and more robust for surprise shocks. and poor data quality in early years. It could also be due to the learning effect that firms become more sensitive to volatility risk in financing over time.
In Panel B of (1) and (3) indicate that the positive expected shocks significantly decrease the debt ratios, while the negative shocks significantly increase them. However, once we control for firm characteristics and market conditions, the effects of the positive and negative expected shocks become insignificant with t-statistics of -1.52 and 0.41, respectively. For surprise shock, the univariate regression results reported in Column (5) and (7) show that the positive surprise shocks significantly decrease the subsequent debt ratios, while the negative shocks significantly increase them. The active leverage chance is asymmetric: the coefficient and R 2 for positive volatility shocks are -10.18 and 3.90%, respectively; while the coefficient and R 2 for negative volatility shocks are 7.15 and 1.00%, respectively. More importantly, Column (6) and (8) confirm that in the multivariate regression, the positive surprise shocks have coefficient and t-statistics of -1.42 (large) and -2.42 (significant), while the negative surprise shocks have coefficient and t-statistics 0.33 (small) and -0.47 (insignificant). Therefore, only positive volatility shocks-rising volatility uncertainty-possess nonredundant information for active leverage reduction.
Systematic Volatility versus Idiosyncratic Volatility
We further decompose volatility and volatility shocks into systematic and idiosyncratic parts to analyze the impacts of different volatility information contents on leverage adjustment.
Column (1) of Table 6 shows that in a univariate regression, both systematic and idiosyncratic volatilities negatively and significantly predict debt ratio adjustment. However, Column
(2) shows that idiosyncratic expected volatility shock negatively affects debt ratio change, while systematic expected volatility is not significant. The idiosyncratic expected shocks are statistically significant at the 1% level. The same pattern is also found for the surprise shocks, as shown in Column (3), idiosyncratic surprise volatility shock negatively affects debt ratio change, while systematic surprise volatility shock is not significant. The multivariate regression results reported in Column (4), (5), and (6) (7). In short, the negative impact of stock return volatility on active leverage change is mainly through the idiosyncratic-surprise volatility channel, not through the expected or systematic volatility channel.
Debt Adjustment and Equity Adjustment
To address the question how firms adjust capital structure in response to volatility shocks, we compute financing-resulted percentage changes in debt and equity between time t and t + 1, and regress them on stock return volatility and volatility shocks. The results are reported in Table 7 . Column (1) and (5) show that stock return volatility affects negatively debt change but positively equity change. Both are statistically significant at the 1% level.
The multivariate regression results reported in Column (3) and (7) confirm such effects. We find that surprise volatility shocks affect debt change negatively and equity change positively, while the expected volatility shocks do not have significant impacts. Column (2) and (6) report that the surprise shocks' impacts are statistically significant at the 1% and 10% level for the debt and equity changes, respectively. The surprise shocks' negative impact on the debt change remains significant in the presence of the control variables, but becomes insignificant on the equity change, as reported in Column (4) and (8) . It seems that when surprise volatility shocks hit home, firms tend to actively reduce outstanding debt rather than issuing new equity. Equity issuance and repurchase are more driven by firm fundamentals than by surprise volatiity shocks.
Temporal Effect of Volatility Shocks
We examine the temporal effect of volatility risk on leverage adjustment, by including the lagged observations of stock return volatility, V ol, change in expected volatility, ∆V ol Expd , volatility surprise, V ol Surprise between time t − 5 and t in univariate and multivariate regressions, respectively. The multivariate regressions contain firm and market control variables observed at time t. The results are reported in Table 8 . Column (1) shows that the coefficient of V ol t is -6.12, and the t-statistic is -8.07. The further lags of V ol are not statistically significant. The multivariate regression result reported in Column (2) shows that V ol t remains significant in the presence of the other lagged volatility observations, among which V ol t−1 and V ol t−2 remain insignificant. The results suggest that volatility's predictability on leverage adjustment is short-term, consistent with the notion that uncertainty shock is short-lived (Bloom, 2009) . Column (3) shows that the coefficients of all lagged observations of ∆V ol Expd are negative and statistically significant at least at the 5% level. As shown in Column (4), V ol Expd t remains significant at the 1% level and V ol Expd t−1 is significant at the 10% level in the presence of the control variables. The results suggest that expected volatility shocks tend to have long-term impacts due to its persistence, but to some extent the impacts of further lags are subsumed by more recent firm fundamental and business cycle information. Column (5) and (6) indicate that V ol Surprise t is the only surprise shock that is consistently significant at the 1% level in both the univariate and multivariate regressions, suggesting that the impact of the surprise shock is unequivocally short-term.
Interactions with Firm Characteristics
To understand the economic meaning of volatility's predictability for leverage change, we analyze how the relationship between leverage adjustment and stock return volatility interacts with some key firm characteristics including credit quality, size, profitability, and external financial need. The predictive power of volatility shocks for leverage adjustment is stronger for firms with lower rating, smaller size, and lower profitability, but nonmonotonic with respect to external financing need. Table 9 reports the results of the univariate regressions of active book debt ratio change, dbca t+1 on V ol t , ∆V ol Expd t , and V ol Surprise t by credit rating, firm assets and ROA, respectively. Panel A reports the regression results by firm rating groups: AAA-A, BBB, and BB & Below. The evidence suggests that a firm will be more sensitive to volatility risk for financial decision as default risk increases. As shown in Column (1), (3), and (5), the coefficients (t-statistics) are -2.30 (-1.66), -4.30 (-3.28), and -5.83 (-7.57), respectively. The R 2 's increase monotonically from 0.2% to 0.9% then to 2.7%. Further, surprise volatility shocks negatively affects the debt ratio changes for all rating groups, when controlling for the effects of expected volatility changes. The impacts are significant at the 1% for BBB and BB & Below, but not significant for AAA-A, suggesting that the high investment grade firms' financial decisions are not very sensitive to volatility shocks.The BBB group has the highest coefficient of -6.29 and R 2 of 1.3%. The BBB firms are the most sensitive to surprise volatility shocks and, hence, adjust capital structure accordingly. Since those firms have the greatest concerns over being downgraded from the investment grades to speculative grades. This result lends further support to the trade-off theory-firms more sensitive to credit screening adjust their leverage downward more actively when volatility surprise shock has risen.
Column (1), (3), and (5) in Panel B show that stock return volatility negatively predicts subsequent leverage adjustment, statistically significant at the 1% level for all three size groups. The coefficients (R 2 's) are -6.94 (5.1%), -6.76 (3.8%), and -6.12 (3.2%), respectively.
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The results imply that small firms are slightly more sensitive to volatility risk in adjusting capital structure. As shown in Column (2), (4), and (6), the regressions of surprise volatility shocks do not show remarkable difference between different groups. This result indicates size effect of the influence of total volatility risk on capital structure decisions.
Panel C reports the regression results by ROA. The negative impact of stock return volatility on subsequent debt ratio adjustment is statistically significant at the 1% level for all three groups. The R 2 's are 4.2%, 1.1%, and 1.5%, respectively, as shown in Column (1), (3), and (5). Low (negative) profitability firms are more sensitive to volatility risk for their capital structure adjustments. This pattern is confirmed by the regression results with volatility shocks. Column (2), (4), and (6) show that the R 2 's decrease from 0.7% to 0.6% then to 0.5% as firm profitability increases. Firms with higher profitability should be able to issue or rollover debt more easily.
We examine how firm external financing need affects the predictability of stock return volatility on subsequent leverage adjustment, by dividing our sample by internal financial deficit into quantiles, and by internal financial surplus versus deficit. Panel A and B of Table   10 reports the univariate and multivariate regression results, respectively.
Columns (1)-(4) in Panel A show that stock return volatility significantly predicts subsequent leverage adjustment in all quantiles. The R 2 's are 5.4%, 4.1%, 2.9%, and 8.0% as firms' external financing need grows. The results suggest that volatility risk matters more for financial decisions when firms are either in very urgent external need or not in external financing need at all. As reported in the lower section of Panel A, surprise shock negatively predicts leverage adjustment, statistically significant at the 1% level for all quantiles. The R 2 's are 1.8%, 1.4%, 0.6%, and 0.8%, respectively, as the internal deficit grows. (The R 2 's reported in Column (5) and (6) do not show consistent patterns.)
The multivariate regression results in Panel B confirm the significant predictive power of stock return volatility and shocks. Comparing the R 2 's of both the volatility and volatility shocks in Columns (1)-(4), we find the R 2 in Column (4) are remarkably higher than those 20 in Columns (1)-(3), around 30% versus 10-12%. It is evident that firms with urgent external financing are the most responsive to the fundamental and market information in adjusting leverage. The R 2 's reported in Column (5) and (6) 
Future Earnings and Investment
Finally, we relate stock return volatility to future earnings growth and investment policy, in order to identify the economic channels through which stock return volatility weighs into the corporate decision-making. We first investigate whether stock return volatility is able to predict future earnings growth, defined as
where EBIT denotes earnings before interest and tax. We carry out regressions with debit t+1
as the dependent variable on stock return volatility and volatility shocks, together with the control variables specified in Equation (10). We also ran regressions of earnings growth on the contemporaneous active debt ratio change to examine their relationship.
Column (1) of Table 11 shows that stock return volatility negatively and significantly predicts future earnings growth. The coefficient is -0.239, implying that one standard deviation rise in stock return volatility (14.63%) predicts a future earnings drop of 3.50%. The result reported in Column (2) idiosyncratic volatility much more significant than systematic volatility.
The multivariate regressions yield consistent results, except that the predictive powers of systematic and expected volatility shocks become insignificant or marginally significanttheir predictive powers appear to be subsumed by that of the S&P 500 return volatility.
Firms' surprise volatility and idiosyncratic volatility shocks carry strong predictive information beyond that embedded in the fundamental and market control variables. Overall, high level of stock return volatility and surprise/idiosyncratic volatility shocks signal low future cash flow growth, which in turn may affect firms' active financing decisions. Bloom (2009) shows that rising aggregate uncertainty, measured by stock index return volatility, negatively affects corporate investment and hiring. Panousi and Papanikolaou (2012) find that idiosyncratic stock volatility negatively affects investment at the firm level.
We analyze the predictability of stock return volatility and volatility shocks on subsequent investment adjustments, as an economic channel through which stock return volatility affects future capital structure decisions. We measure change in future investment using change in capital expenditure at time t + 1 normalized by net property, plant and equipment at time t:
where CE denotes capital expenditure and N etP P E denotes net property, plant and equipment. Following the literature, we delete the observations with the absolute value of CE t+1to-N etP P E t ratio over one. We regress dce t+1 on stock return volatility and volatility shocks, together with the control variables specified in Equation (10). We examine the correlation between contemporaneous leverage adjustment and investment adjustment as well. (4) shows that the predictive power of idiosyncratic volatility on investment change is negative and highly significant, while that of systematic volatility is only marginally significant.
The evidence indicates that rising stock return volatility, the second moment shock in Bloom (2009) , predicts reduction in future cash flow, the first moment shock. Firms reduce simultaneously investment and leverage with falling earnings, which are all predicted by rising stock return volatility. In particular, the surprise component and/or the idiosyncratic component of volatility shocks constitute the most significant driving forces behind the effects of economic uncertainty on corporate investment and financing decisions.
Conclusions
The Graham and Harvey (2001) survey shows that distress risk is carefully considered in capital structure decisions. Hence, stock return volatility that reflects distress risk should naturally affect leverage adjustment. Unfortunately, little attention has been given to examine the information contents of stock return volatility in affecting capital structure decisions, although asset volatility and leverage ratio are the fundamental state variables in credit risk modeling (Black and Scholes, 1973; Merton, 1974) .
In this paper we identify information content in stock return volatility that causes firms' 23 active adjustments of their capital structure. We aim at active leverage adjustment that directly reflects capital structure decisions. By focusing on the volatility of stock returns, we introduce econometric tools for stochastic volatility and volatility forecasting into tests of capital structure models. In particular, we decompose the information of return volatility into expected and surprise shocks. The predictability of stock return volatility for active leverage adjustment is both economically and statistically significant, stronger for idiosyncratic volatility and surprise volatility shock. The evidence suggests that surprise volatility shock is a more precise measure of uncertainty shock than total return volatility.
The predictive power of stock return volatility is short-term and asymmetric. The active adjustment in leverage is much stronger in response to a positive (rising) shock in volatility than to a negative (falling) one, and the response is more through debt reduction than equity issuance. In explaining its predictive power, we find stock return volatility contains unique information about future profitability. In particular, firms with rising volatility tend to have a decline in earnings growth in the future. Firms adjust simultaneously investment and leverage downward as earnings growth falls. Our findings are consistent with the trade-off theory (Modigliani and Miller, 1958) and uncertainty shock effect (Bloom, 2009) . Moreover, our result quantifies the the trade-off theory prediction in answering the question as to what extent firms reduce leverage to counter-balance the rising likelihood of default due to higher volatility risk. We identify an active volatility channel of financing that affects investment and firm fundamentals.
24 ity. dbca t+1 represents active book debt ratio change due to net debt/equity issuance between time t and t + 1. BDR t+1 represents book debt ratio. Volatility, V ol t is the realized volatility estimated using past one year daily equity returns. Two-dimensional (firm and time) clustered standard errors in the regressions are adjusted as in Petersen (2009) . The numbers in the brackets are t-statistics.
(1) ity. dca t+1 represents active market debt ratio change due to net debt/equity issuance between time t and t + 1. ADR t+1 represents actual market debt ratio. dct t+1 denotes total debt ratio change between time t and t + 1. dcp t+1 represents passive debt ratio change due to stock return between time t and t + 1. Volatility, V ol t is the realized volatility estimated using past one year daily equity returns. Two-dimensional (firm and time) clustered standard errors in the regressions are adjusted as in Petersen (2009) . The numbers in the brackets are t-statistics.
(1) Petersen (2009) . The numbers in the brackets are t-statistics. . Stock systematic volatility is estimated using 250-daily systematic stock returns computed using the Fama-French 3-factor model. Two-dimensional (firm and time) clustered standard errors in the regressions are adjusted as in Petersen (2009) . The numbers in the brackets are t-statistics.
Panel A: Expected and surprise Volatility Shocks
(2) 
where ∆RE t is change in accumulative retained earnings between time t and t + 1. Two-dimensional (firm and time) clustered standard errors in the regressions are adjusted as in Petersen (2009) . The numbers in the brackets are t-statistics.
(2) , and surprise volatility shock, V ol Surprise t by internal financial deficit quantile, and by negative deficit (surplus) versus positive deficit. Quantile 1 and 4 contain firms of the lowest and highest internal financial gap, respectively. Two-dimensional (firm and time) clustered standard errors in the regressions are simultaneously adjusted as in Petersen (2009) . The numbers in the brackets are t-statistics. . Percentage change in earnings is computed as debit t+1 = (EBIT t+1 − EBIT t+1 )/EBIT t , where EBIT is earnings before interest and tax. Two-dimensional (firm and time) clustered standard errors in the regressions are simultaneously adjusted as in Petersen (2009) . The numbers in the brackets are t-statistics.
(2) (3) (4) (5) (6) . Change in investment is proxied by change in capital expenditure between time t and t + 1 normalized by N et P P E at time t: dce t+1 =(Capital Expenditure t+1 −Capital Expenditure t )/N et P P E t , where P P E is property, plant and equipment. Two-dimensional (firm and time) clustered standard errors in the regressions are simultaneously adjusted as in Petersen (2009) . The numbers in the brackets are t-statistics.
(2) (3) (4) (5) (6) 
